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ABSTRACT

A study has been made of the ctabilization of the filot
Landing Aid Television System deris'.d for monitoring carrier
aircraft landings, and cf the staý2iizatlon of a proposp'Ai,
centerline-located Optical Landing System waich might relieve.
pilots of looking to th.- side lurinst a critical phase of the
approach. Stabilization of tLe TIAT system is only partialp
and the quantitative consecquer-e Is determined. The centerline-
located OLS is shour to have lost its provision for simple
accozodation of various H/E values and- to be incapable of line-
stabilization. Hoeveer, poidt-stsbilization, vhich in pwisible,
is probably adequate.



A Pilot Landing Aid Television System (PLAT) has been found
to be a valuable aid in mnittring carrier landings. In FIAT an
unmanned television camers is rmunted essentially flush with the
runway and on the ranvay centerline. To provide for keeping the
camera pointed along the gl,.de path as the carrier rolls and
pitches the camera is merely tilte4 Just as the lens box of the
Optical Landing System (OLS) is tilted. However, the beam
of the OLS is fanshaprl rind alwaly, contains the stabilized point,
whereas the beam of the camers is a pencil beam. Some, form of
"train" is needed to keep the '.amera looking at the stabilized
point. An analy•si is made in this report of the PIAT stabilizaticýn
scheme.

The offset location of the mirror or lens of the O1S from
the runway centerline (70 ft in the case of the CVA-63 installatio•.)
is thought to be disadvantageous to the pilot in the final portior.
of the approach because of requiring the pilot to look to one side.
A proposal has evidently be.n male to locate, in effect, the OLS
light source at the surface of the runway and on the centerline.
The light source wcrd produce a farn-shaped beam just as for the
OLS. A minor variation of this system provides for a surface
source on each side of the runway centerline. An analysis has
been made of the stabilization fc'at'ares of such an OS. Because
of the similarity in location of the camera in PLAT and of the
light source in the prpose-d OIS, both analyses have been included
in this same report.



PLAT STABILIZATION

7he PIAT camera on a level ship looks nlong the flight glde
path. On a pitcring and rollnrig chip It is desired to keep the
camera continuously looki.ng along the fixed glide path. However,
the only "freedom" of motion relative to the deck provided for
the camera is tilt motion in a plane perpendicular to the (Aeck
through the runway centrlz_-e, ani thee control of this tilt motion
is obtained from the point---tsbilized OLS. It is understood fro
reference (a) thaat the tilt ar el..ntion of the pencil beax of tie
centerline cwra is at all times rqpal to t.ic tilt of the light
beam from the offset O!,

The analysi, is cimilar to t:,at employed In refcrcnces(b)
and (c). The loctlon of the centerline c9meras is shown in
Flgurc 1. One is referred t: as "regular" and one as "back up"
in reference (a). Wtich is whi is not stated. An Lci.o.aj.lon
has been made on the CVA-64, which is similar to the CVA-63 st UiUed
in connection with the OLS. T'E.- ;ii=ensions already familiar for
the CVA-6 14 insta1lat'ln are a7 c'!lovow (refer to Fivure 1):

7¢' EG I A ' A"

110 .. 5..' 66' 51' 41i,.6" 505."

For the centerline i--t • ljatio .;.f caeras:

At' (c... ,• ,:,• 1 A•: •

with corresponding relatonihirps fur A", D", and D". rllhc rcsultine
additions. parameterrs becom'-:

D' D" B' B"

6.8' 72.1'i,,2.r,, 65.1'

A coc'rdinate ey2item w *• :,' ficC ixri in the ship with origin on
the roll axi -l ;.t a .t- v vr.r t re vitch axis, With tCe

"";x .
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It is of interest to note whether, from the equations developed,
the camera beam does ac•tzally point along the glide path when the
camera has the same tilt as the OLS lens box. This can be most
readily noted when th-. ship is le-el ( tP = 9 = 0) from

Vo  a (X" - D') n• a + (Z" - H) cos C( 0

Wo  a (Y" - B') tan0 + (f" - 11) sin a =O (02

(x" - D') tli-t - (v" - B ') cosri- 0

The typical tilt angle ( cons.•id.ered in reference (b) 1- '7
The point stabilized in that reference, 2-50 ft aft of the lens)
had the coordinates (-2447, -439.8, 222.5). From equations (5)
the coordinates of a pount h the camere, beam axis 2447 £v a:"
of the origin O" are (-2I47, -439.8, 219.1) for the camera Li,
and (,2447, -439.8, 2 r3.l) 'or ½. It can bc seen that thc
forward camera, IC-, does ... k approximately along the desired
glide path, at least when. ti.-w ,nle r (for hook-to-eye adjnste:--t)
is set eqaal to zero. Thi, co•icd have been expected, since the,
distance A" (marked B !n fr.Že (a)) is approximately equal

to distance A in (I-ferE.e (). However, the aft camera
looks below thLA the d-.•reipt.* g e rgth with N' = o. The differenc=
is small.

For small p.'t '.h d rE.L . of the ship, usefi". appnr-xi.matio.s
to the deviation of thn eir•":r4 1,:-v ,xis from a 3. st.fy lde .na' h
can ba obtained f£..)m n .. r-,,•2' .aia•¢.

4v/& 3 G P -, " + aV/'ayiC"2 = 0

&W/l d0 + •Wladq + 4Wl • W/ey,,dY" 4 •W/eZ,,dZ" .0



The differenti~td. caeffici. -- t t

aIao- (X" cos Z" szz seq D)5c 2 63

-V -(-X" s~in Z" tz ) tpm t3

aVa.~Z csI '.-x z~..1cx~Y" Cos 9- (G-}{) sin Co '

cIV/~ c3-. sin Q) c=-

(..- Sir. 40 t-clnje (21 (p Cos Cos ý (7

a COB [Y os + Z2' CZ.B 91 ri n + X" sinqi sin Q-(G-H) sin G-W] I

(-Z" Pin p csin ' X" cc): 41 sin 9) tan g

+ (-Z" sin qj +~ X" cs pj cos 9) sin CC

a/g [ -Y" sin G + Z" C'n qos G +- X" sin y4 Cos Q4-)COB( t3r.

+ [-Z" c:)3 q) sin a -X" sin ýU si.n Q-Y" cos 0-(G-H) sin Q]ý;

~W/ aqyl (Cos 9) tar- 3 + (-sn ) S:.n C(

&W/ azolu (Cos yp sin Ql) tif3.Z c (Coa t1 Cos 9) sin 0((8

The mean values of' p.-tc' qji ut : U are zero, so that

ýla3= (X" - D' ) scJ-'13

ýI/ = (-Z") tarnp i (X") i.rs

av (-Y") cas 0:

av/ ayi' 0

a =a( (Y" - B')

- (x" ;) nll

W/,



The deviation of the came-ra 'a axi_ f.-= the glide path'. is then
given by (from equations (5), (6), (9), (10)))

dr' - z" a CC - [zd - (g-H)] :IQ

S...... .dZ" o Y"t dQ - (Y" . :" " . . - x, < )d S

- (x" - 1Y) -c.:"- ,.•- -.i, (Ub)

where the Wilt "Llc' angle is the same ds3 f.;-,.
for the OL in. referc•.e (t) (Finie it is taken from the OLS); name-vy,

To illustrate th'e arxlyip• t , a,.cnrsay of stab•lization of the
PLAT system, the d.tu., •i2.t., and laterally, of thAŽ cu--mr.rI
beam axis from t-e •tesi.y g.Ile path will be determined at the pZ3:1t
2500 ft aft of the :., -. I•:,• the forward cwnr-a, since
this camera was fourd t-) 1ýok mt.t -early along the gl.ide slolpr. Ai
in reference (b) th,- !,ar, .:t roll ,z.u'1e d9 believed rer-onable f:)r
flight operations was tgk-n r. !I, a-si the largest pitch angle dij

as aboyut 20. The dera... arten:

de•N'iation, fo-r -eti :::i (I"

+40 roll io.15 rt -14.6 ft

+.pi ..tch . ) - 1.6 ft

The horizýZstal dediation here due ti r-1ll will be quite notla.
However, as the aircraft apprcaches the ramp (z" = 96.9 ft) the
horizontal deviation dY" fcr 440 roll is -5.7 ft. Angular deviati•x.
as seen by the enn-.r I, not -1t.,v different at the two iIdtan.ces,
but the absolute ..... t" .... I.. .. K.y *" nr -i 'e rpativP t
the larger appearing ai.,ra.t.



CEYTERL-,E OTS

The proposed OLS in•ts ed on th. runvay centerline,
approximately fl':sh vith the z'rnvay, vcald employ a fan-
shaped lght team Just as dces the of fset OLE. It is
understood that the pres.etation vwuli be essentially a
parallax presentation. H-N.ver, bs.ca'we the optical glide
path is not offset fro tŽ.-e axlas -fhe light beam, as in
the present OLS, variati• in H/E drietan:e can not be
sPmply acccmmodated by "rtf•l!ng' te fan-shaped beam (making
T a suitable value). •itr-t.-r, "t !-3 n feasible to line-
stabilize a centurlL.- -l. J-- nLS. 1**s cs. be seen quite
readily frJu referer,.' (c)O where .xtioa (13) shows that
for 0O. the far.-.ta,•d liauht t-am vw.id theore.ticAvlY be rolled
-into a vertical planw a3 t she .:ip roll from level (or %4,:).

However, the propose. O8 can be pAnt-stabilized, and the
analysis of reference (b) iz; applicable when the appropriate
values of B and D are rt-c- .

.- From- reference ( t*) t-e . irs*i tilt deviatlon di2 is
given by (for small r)

X" 
(-3)

(x" - D') coý.(c 4. (Y" - 3 ) sin a

where the coordinates cf a pc.lit i}(X",Y",Z") on the glide slojw.
are related by equations (h). Refcrence (b) found some prefertncv
for choice of the statbllz....d poirt about 1000 ft aft of the lig,
source. To illn.trate thp rliterni-,s.tion of tho r'q%*,red pitt.)
and ro3ll correct-on f fo'rs icr a ,enterline OLS, the previously
found came.ra positierV LI (66., 52.0, 51) and LA (72.1, 65.1, 51)
will be -axed for !o.,t r.,: 1,-.lotions, The stabilized poirt
1000 ft a't of ea'ch 1i~tt,•,.,-*. viii have the respective positionfs
P1 (-993.,&, -148,.4 i. ) : ,:(.9.9, -135.3, 113.4), f.M.c
..aimlated "corr.c-.ct-!f.Q: '• , ,, hr-

"corrf*rtlon :Yz'tor oltcm roll

"aft ligit ,-ourc,. ( oL * 0. 1470



-- A suggested variation of the centerlLne OIS vomld employ two
light sources astride the runvay centerline. It will be
supposed that each source is spaced a distance s from the runway
centerline and that toth are a d.,stance A' forward of the romp.
If Is is the sonrce on the -•.rrt s•de of the r.unvay R.".4 L2 that on
the starboard side:

Ba 1' - (-l c)

When these exprc.pionr are i•,sert•ft in the expressions for the
pitch and roll correcticon fac.trs it is found that the ls+.1.:
are identical for both of the abreast light sources. Thus the
two fan-shaped beams fr= tLe tvo svirces should at all times
partially overlap. Each e pr)•::ce3 its separate ider.tical
parallax presentation.



CONCLUSIO"'a

An analysis has been a-s ctf stabilization of the PIAT
system and of a priposed "c-=terilne" located OS, based on
previous studies of sablizaet'.1-. cf the OI. The major
conclusions reached are a, fc.1.-vs:

.(I) The PLAT system using o..ly the tilt signal from the
OLS, is only pLrtlUy otab!_lizo<i. As the ship rolls the
camera beam axis svri--s f:- side t3 side across the intended
glide pnth. The am ,-., of t.e -.e.1. displ-.cemen•t of the camera
bean croasbarai f..•- ai a%_.-arting aircraft on the Intendel
glide path is ey-e..tsI t- )e distirctly perceptible at mavi-,nm
swing. Actual trial~z r.O.al determine if the perceptible
displaccmcnt is op•cratio-illy troublescome,

(2) The proposed -xntcrli±ne-located OLS can be poirt-
stabilized basically tim.Ularly t:. -'.e existing, offset-located
OLS. The "pitch azi r-11 ,,=. ct'ont factors" have differt=t
values for the dLffi_-tnt systems.

(3) The p.-oi ierli--lcated OLS can not prov.di.
for easy adjustment of hok-6o-eyte (H/E) distaince by means nf
"rolling" the fan-shaped eam-u.

(4) The proposed, vnz' rl!.e-Iocated OIS can not be line-
stabilized. Howe.er, ri-- ilizaion thas appeared to 1e
ads quate.
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